permeated is shown in Fig. 2 . As shown, the amount of KCl permeated increases with ultrasonic exposure time and sound pressure. The effect of ultrasound on diffusion of weak electrolyte CH3COONa through vinylon membrane is shown in Fig. 3 . As seen in this figure, the amount of CH3COONa permeated increases with ultrasonic exposure and sound pressure, and the amount of CH3COONa permeated is less than that of KCl permeated. The causes inferred are that weak electrolyte is not fully ionizated, and that the size of CH3COONa molecule is larger than that of KCl.
As an example, separation of low-molecular weight (M.W.) electrolyte from solution of high-molecular weight organism was examined. The solution was composed of mixture of 10 g KCl (M.W.: 74.55), 2 g saponin (M.W.: 800-1,500)4) and 1,000 ml distilled water. Figure 4 compares the amount of KCl permeated with ultrasonic irradiation and that without ultrasonic irradiation. As shown, the curves are similar to that of Fig. 2 , but the amount of KCl permeated for the mixed solution is less than that for the pure KCl solution because of the presence of saponin. Comparing Fig. 4 with Fig. 2 , it is found that the increase in percentage of diffusion velocity is nearly the same when the maximum sound pressure at membrane surface is 31kPa.
The calculated diffusion velocity and increase in percentage are shown in Table 1 . In addition, for separation experiment of the mixed solution, the permeated substance was examined with and UV-360 ultraviolet and visible spectrophotometer. It was confirmed that saponin was not contained in the permeated substance. Before this study, it had been indicated that the chemical composition of saponin does not change with ultrasonic irradiation of 90kPa.5) The sound pressure in this study was lower than 90 kPa, so saponin is considered to have no denaturation.
The enhancement in diffusion caused by ultrasound can be mainly attributed to the phenomena of cavitation and acoustic streaming.
In dialysis process, the extent of turbulent flow at the boundary layers of membrane surfaces was enhanced by ultrasound, therefore the resistance of mass transfer was decreased, and the speed of mass transfer was increased.
In order to examine the degradation of the membrane itself before and after ultrasonic exposure, following experiments of diffusion of NaCl through membrane were made under the same condition as above. the experiments was made with 1wt% NaCl solution in the absence of the ultrasonic irradiation. Figure 5 shows the curves of the amount of NaCl permeated through the membrane before and after ultrasonic irradiation.
From it, we found that the permeability of vinylon membrane before and after ultrasonic irradiation was not changed in the ranges of sound pressure and irradiation time of this study.
The surface shape of the membrane before and after ultrasonic irradiation of sound pressure of 31kPa and irradiation time of 120min was observed by a scanning electron microscope.
It was found that the surface shape of the membrane was not spoiled by ultrasonic cavitation.
Conclusion
The results of this study until the present show that :
The diffusion velocity of electrolyte through the membrane with ultrasonic irradiation is faster than that without ultrasonic irradiation.
When sound pressure is 31kPa, the diffusion velocity of KCl is increased by 49 percent, and the diffusion velocity of CH3COONa is increased by 27 percent. The amount of electrolyte permeated increases with ultrasonic intensity.
The increase in the amount of strong electrolyte permeated is more than that of weak electrolyte. The enhancement in diffusion process of electrolyte through membrane for the mixed solution by ultrasound affirms that ultrasound can be applied to membrane separation processes of mixed solution.
Furthermore the membrane permeability is stable in the range of ultrasonic intensity and irradiation time of this study.
The mechanism of enhancement in diffusion through membrane caused by ultrasound in standing wave field will be studied after this.
